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SUMMARY 



Tests have "been made of a three-barrel pressure car- 
buretor to determine the effect of nbnunif ormity Of the 
air flow in the intake duct upon the metering of the car- 
buretor. Measurements were made in the air side of the 
metering system and in the carburetor barrels for a large 
variety of flow distributions. For the most nonuniform 
air-flow distributions the metering pressure was found to 
be increased about 11 percent, which is equivalent to a 
5-percent enriching of the mixture. The flow behind a 
spare unvaned elbow was found to be more nonuniform than 
that behind a rounded unvaned elbow and led to an increase 
in the metering pressure several times as large as the in- 
crease due to the rounded elbow. 

Certain features of the altitude compensation were 
also investigated. The results of these tests indicated 
that the altitude compensation was satisfactory over the 
limited range tested. 



INTRODUCTION 



Several recent installations of pressure-type car- 
buretors on airplanes equipped with single-stage engines 
have encountered difficulties in maintaining in flight 
at altitude the fuel-air ratios indicated from results 
obtained in ground tests. Serious enrichment of the mix- 
ture has been reported when the engine operates in high- 
blower condition near the critical altitude. An under- 
standing of the reasons for the malfunctioning of the 
carburetor has been of primary interest. Tests to deter- 
mine these reasons have been the subject of several in- 
vestigations. Two such investigations are reported in 
references 1 and 2. 
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The discrepancies between the characteristics of the 
carburetor in flight and those predicted from test-stand 
and air-box calibration led to a study of the differences 
in the operating conditions. On the test stand the air- 
inlet scoops are designed to provide a uniform velocity- 
distribution to the metering elements of the carburetor; 
whereas, in flight the existence of the friction boundary 
layer, the propeller slipstream, and the interference of 
adjacent airplane elements sometimes leads to extreme dis- 
symmetry in the velocity-distribution pattern ahead of 
the carburetor Venturis. Since in other respects the 
ground tests appeared to reproduce flight conditions, an 
investigation was begun to determine the effect on the 
metering of nonuniform distribution of air flow to the 
carburetor. A three-barrel pressure-type carburetor was 
mounted on the intake of a blower tunnel and the metering 
was measured for a wide range of artificially established, 
nonuniform inlet flow distributions. 

The effect of the. th-rottle position.' on the metering 
and the operation of the altitude compensating device 
were also investigated to. a limited extent. The effect 
of the nonunif ormity of the air' flow at the ' carburetor on 
the air flow at the supercharger: inlet and the resultant 
mixture distribution to the cylinders was not determined* 



SYMBOLS 



dynamic pressure . 

dynamic pressure corresponding to average velocity 

static pressure 
metering pressure 

difference in metering pressure from that obtained 
with a uniform velocity distribution for the 
same mass flow 

total pressure of air entering boost venturi 
minus static pressure at outlet 



q. 

<Uv 
P 

A-B 

A(A-B) 

APy 
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AH loss in total pressure "between carburetor inlet 

and throat of main venturi 

p air density 

APPARATUS AND METHODS 



A Stromberg PT-133P1 carburetor was used for the tests. 
A diagram of the carburetor is given in figure 1. The 
auction at the throat of the boost venturi is transmitted 
to chamber B and the pressure on the impact tubes is trans- 
mitted to chamber A, For a given air density, the differ- 
ential pressure (A-B) will have a single value for each 
mass flow of air. In order to insure that this value will 
be the same for each mass flow, regardless, of the air den- 
sity, a fixed orifice is introduced between chambers A and 
B, and a variable orifice (automatic mixture control unit) 
is introduced between the impact tubes and chamber A. As 
the air density decreases , . the .automatic mixture control 
unit valve lowers, further restricting the air passage to 
chamber A. The pressure in chamber A is thus reduced 
maintaining the pressure across the air' diaphragm (A-B) 
at the desired value. 

For each mass flow of air, as indicated by A-B, the 
carburetor is arranged to supply the proper amount of 
fuel. The force on the air diaphragm is transmitted by a 
connecting rod to the fuel diaphragm, which develops a 
differential pressure across the fuel-metering jets and 
thus controls the flow of fuel regardless of the entering 
fuel pressure. As the flow of fuel varies with the square 
root of the pressure difference across the fuel and air 
diaphragms, a measurement of the metering pressure (A-B) 
is indicative of the mass of fuel flowing to the engine. 

The carburetor was installed in a tunnel (fig. 2) 
with an axial-flow fan behind the carburetor to draw the 
air through with a minimum of turbulence and fluctuation 
caused by the fan. In order to lower the air resistance 
of the carburetor, the butterfly valves were removed, the 
sides of the barrels were faired below the throats of the 
main Venturis, and the adapter between carburetor and dif- 
fuser was designed to give a slow expansion from each of 
the three barrels into the diffuser,. Later, the fairings 
were removed and the butterfly valves were installed to 
determine their effect upon the variations in metering 
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pressure.' A' "bell, followed Uy a straight'! constant-area 
duct 18 inches long, vail placed in front of the carburetor. 
A large part of the testing oonsisted in pressure measure- 
ments for different distributions of the air velocity in 
the duct Just ahead of the carburetor. The measurements 
were made in the air side of the metering system, that is, 
In ohambers A and -H; in the reservoir connecting the total 
head tubes; and in the throat and the outlet of the boost 
venturi. She velocity distribution for most of the tests 
was varied by introducing screens of different mesh or 
baffles, of -dif f.ere-nt spacing at the' beginning of -the ' 
s-t-raight- section of the .entrance ^ duct , 1'8 irich'ee from the 
• oarburetor flange » In- others, 90° alb-ows- we're" introduced 

- between the -bell and- the -carburetor..- A sharp-cornered 
unvaned elbow and a- /rounded- unv«n*d "el bow 'Were used (fig. 
3). • 

The velocity and pressure dietrlbuitione were found 
- 1 from measurements: made* with' amal'l' total'-pree'su're'' and- « 
e ta.tlo -pre e sure: tubes'. These" measurement e were' made in 
.a plane 4.6 inches ahead of th«' oarbu'ret or* flange. The' 
measurements to determine 1 the 'air~flbw. quantity'* were' 
made with- email t.otal'-prbeeur'e' an'd "s tat ic-p res-sure- tube's 
in- the bell 10. Inches ill 'front" of' the etraight • -eectl on 1 
and were checked by measurements in- an o'rifibe'- plate' in" 
the diffuser. The air-flow quantity used in most of the 
tests' was approximately 10", 000' pounds per hour and the 
air' deneity was -0. 00238 slug per" cubic foot. ' " ';■' 

Tests were also made to check certain- feature's of 
the altitude compensation.' In these" tests the pressure 
inside the altitude compensator was reduced to simulate 

- altitude conditions.' 'The pressure throughout the' carbu- 
retor ezoept in the compensator itself was allowed' to re- 
main at- Its normal sea-level value, The effects of varia- 
tions in temperature were not investigated. In ail the 
above-mentioned tests the mixture control was set at auto- 
matic rich. Some additional tests were made with the set- 
ting at emergenoy rich. . " 

■ ". * ■ ■ 

BESo"LTS 



The dynamic-pressure distribution for the unbbstruoted 
.inlet is show,n in -figure 4.' - The data obtained from the ' 
teete in which screens and baffles were used to ore'ate 
various velocity and preesure distributions in the duct 



.5- 



ahead of the. carburet or are shown in figtir.es. 5 to 13. The 
results of the tests In whiGh %he velog.itj^ variations were 
created "by the int roduct ion . qf an e^bqw jji %he due| lead- 
ing to the carburetor are shqwn in figures 14 $9 Each 
figure shows the -variatiqns in dynamic ,pr^s su^e,- across the 
small dimension of the duct in the plane of measurement^ 
(See fig. 2.) The static pressure is aisQ pi9ttedin. eases 
where it is not uniform across the carburetor faoe. The 
static pressure is referred to the pressure of the air out- 
side the duct. Both these pressures are given in terms of 
the dynamic pressure corresponding to the average velocity 
in the straight section of. the. duct. In each of the fig- 
ures the change in metering pressure from that measured 
for a uniform velocity distribution (fig, 4) is given. In 
most cases, the ratio of %h.e metering pressure to the 
pressure drop measured' across the .boost venturi, (A-rB)/&py, 

is also given. . Tests were made with the same velocity dis- 
tribution at several different air quantities but, as 
these results showed that with the same distribution the 
metering pressure is proportional to the square of the' 
mass flow (at the same air density), the results have been 
reduced to a nondi mens ional form, 

In all the tests, the pressure in the reservoir eon- 
"necting to the total-pressure tubes never differed from 
the static pressure in the duct by more than 2 percent of 
the metering pressure. , 

The results obtained with 'the throttled valve in-' 
stalled showed that, for any constant throttle position, 
the variations in metering pressure with different ve- 
locity and pressure distributions were substantially the 
same as the variations measured .. wi thou t the throttle 
valves in place. The metering pressure seems to be a 
function of the throttle position and, for all the dif- 
ferent velocity distributions tested', the metering pres- 
sure at full ' thrott le was about 3 percent less than with 
the throttle valves removed,. At a throttle position half- 
way between full-open and full-closed the metering pres- 
sure was reduced another 3,5 percent, 

Additional data ; obtained with a uniform flow across 
the carburetor are presented in figure 23. The average' 
loss in total pressure at the throat of the main venturi 
is about 8 ^percent of the static-pres.sure drop at -the ' 
throat. The variation of the ■ met erihg pressure With the 
square of the mass flow, for a uniform pressure distribu- 
tion, is given in figures 24 and -26 with the mixture 
control set at automatic rich and emergency rich. 
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Results of the tests—pn the" altitude compensator are 
shown in figure 26* Tests with different pressures on 
the compensator were general ly ' run at "different air quan- 
tities and the results-were normalized; assuming that the 
straight-line function found between meter ing pres sure and 
/the square of the quantity held for all air densities. 
The required proportionality between metering pressure and 
the density p is shown by the dashed line, the points 
are experimental. 



DISCUSSION 



The results show that the. metering pressure may be 
increased about. 11 percent by nonunif ormity of the flow 
in the duct ahead of the carburetor', corresponding to a 
5-percent enrichment of the mixture.- In the examination 
of the. results, the following analysis has been found 
useful although it does not permit an exact correlation 
between: the flow pattern's and the measured increases in 
metering pressure. ., ' 

For a given density, the metering pressure is deter- 
mined by the difference between the average total pres- 
sure at the impact tubes and the static pressure at the. 
throat of the boost venturi. In the idealized case, with 
uniform flow at the inlet, this difference is simply the 
dynamic pressure at the throat of the boost venturi. It 
will be convenient, however, to consider it in two parts: 

(a) The difference between the average total pres- 

sure at the impact tubes and the static 
pressure at the throat of the main venturi 

(b) The difference between. the static pressure at 

the throat of the main venturi (where the 
outlet of the boost venturi is located) and 
the static pressure at the throat of the 
boost venturi 

With a given mass f 1 ow , . part . (a ) will be affected in 
two opposite ways by nonuni f ormi ty. .First, considera- 
tions based on Bernoulli's equation alone indicate a re- 
duction. Thus in a limiting case, .if some of the impact 
tubes are in a dead-aif space, they vri^i read only .the 
static pressure of this region and thus lower the indi- . 
cated average total pressure, Actually , calculations 
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based on the Observed velocity distributions in the- inlet 
duct have shown that this reduction can be, at most, only 
a few percent of part (a).. Second, considerations of the 
drag losses between the plane of the. impact tubes and the 
throat of the main venturi indicate an increase with non- 
uniform flow. The. region around and just back of the im- 
pact tubes contains many obstructions, such as the impact 
tubes themselves, the boost venturi, and the arms that 
support the boost venturi. Trom figure 23, which shows a 
total -pressure survey across the throat of the main ven- 
turi, it is estimated that the obstructions occasion a 
loss in static pressure of about 8 percent of part (a) 
for uniform flow. Por nonuniform flow, the higher losses 
in the high-velocity air should cause a net increase in 
this value, with a corresponding increase in the differ- 
ence between the average impact pressure and the static 
pressure at the throat. In general, this second effect 
appears to somewhat exceed the first in magnitude* 

Part (b), which is several times as much as part (a), 
-should be det ermined' by the velocity of the air through 
the boost venturi which, in turn, should be determined by 
the difference : Ap„ between the total pressure at its ■ 

inlet and the static pressure at its outlet, . It was. ex- 
pected that the observed variations in metering pressure 
would be directly reflected in variations of Apy» 

Measurements, however, showed that, for a given mase 
flow-, &p v was practically constant for a widely differ- 
ent _ 'inlet-velocity distribution. This result indicates 
that the velocity through the boost venturi is not 
uniquely determined by Apy. but may, with poor flow in 

the duct, be increased as much- as 5 percent over that with 
uniform flow in the: duct for a given Apy.. The explana- 
tion possibly lies in the increased turbulence associated 
with the poorer flow, which' may cause' the flow in the ex- 
panding part of the boost venturi to adh^.e to the wall 
where. it would otherwise separate. Calculations indicate 
that the laminar boundary layer on the inner wall of the 
boost venturi should be on the verge of separation about 
1 inch from the throat and that, furthermore, the Reynolds 
number of the boundary layer at this point is in 7 the 
critical range. Some slight turbulence in the flow might 
thus suffice to cause transition to a turbulent boundary 
layer; whereas, in perfectly smooth flow, the boundary 
layer might simply separate from the wall. Careful meas- 
urements of the flow inside the boost venturi might add 
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information on the subject .■ ' : I't', may "b;e that a' deliberate^ 
disturbance .of the flow, such' as' might Ve eff ect ed hy put- 
ting a slight ridge near the throat of: the .boost, yenturi, 
would, insure transition to' the turbulent type of boundary 
layer in every case and cause the velo'ci'ty through the 
boost venturi to be more nearly determined by Ap^ ' alone.. 

The altitude compensation appears, to be fairly good - 
over the. limited range tested. The tests showed compen- 
sation to within 3 percent, which is: of the same order as 
the accuracy of the tests. 

The effect of. the throttle, on. the metering charac- 
teristics, may be ascribed t o ; the . distortion of,- the field 
of flow in the. throat of the main ve»turi by the presence 
of the throttle valve. The y aly e , caus e s a relative re- 
duction in velocity (increase in pres sure) ■ near the middle 
and thereby reduces the flow through the boost venturi. 

figures 14 to 22 are of incidental interest with re- 
gard to the flow of air around square and rounded, bends,; . 
Thus, figures 22, 21 ,, and 20 show , ■ re sp ect i vely the ve- 
locity distribution near the far side of the rounded bend, 
the separation of the ' flow ' fr Om the inner ' wall ' in the sub- 
sequent decelerati oh , . and the " low-energy flow along the 
inner wall that results from the separation. "Figures 15 
and 16 (or 18 and 19) show the .coiplete separation of the 
flow from the inner side of the -square bend and the crowd- 
ing of the flow into the outer half of .the channel as far 
as 8 inches beyond the bendr figure 14 (or 1?) shows that 
even 15 inches beyond the bend most of the flow is still 
in the outer part of the channel.' It"is" interesting to 
note here . that - the main part of the en er ^3- loss occurs 
between 8 and 15 inches. ..from the bend; that is, the lOss 
does not occur directly at. t„he separati on ,bxit only in the 
subsequent churning. The ^energy loss is her e . pr oport i on- 

al to / -/"q ARds , where AS 'is the numerical difference 



between the static and the . dynamic pressures indicated on 
the curves and . -s. is the distance across the duct. 
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CONCLUSIONS 



1. Carburetor metering pressures may "be increased 
about 11 percent by extreme nonuniform! ty of the flow in 
the inlet duct. This increment in metering pressure cor- 
responds to a 5-T>ercent increase in mixture richness. 

The metering is not greatly affected by small deviations 
from uniform" velocity distribution at the carburetor' 
flange. 

2. The difference between the total pressure at 
the inlet of the boost venturi and the static pressure 
at the outlet is nearly constant for a wide variety of 
flow conditions in the inlet. 

3. The nonuniform velocity distribution behind the 
square unvaned elbow that was tested led to increases in 
the carburetor metering pressure several times larger 
than the increases due to a rounded elbow. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va. 
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Figure 2.- Test set-up. 





(a) Square elbow. 

Pigure 3.- Sections of 
square and 
round elbows. X is the 
distance from the 
carburetor. 
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(b) Hounded elbow. 
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Figure 4.- Dynamic-pressure distribution used as a reference in comparing 

the metering pressures of the other distributions. A-B „ 

. = 0.60. 
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Figure 5.- Dynamic-pressure distribution in front of the carburetor and 
increment of metering pressure. A(A-B) = 7 percent. 
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Tiguro 6,- IJyi^amiQ-proPStiro. distribution in front of the carburetor 
and increment of motoring pressure A(A-B) = 6.5 percent. 
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Figure 7.- Dynamic-pressure distribution in front of the carburstor and 
increment of metering pressure. A(A-B) = 3 percent. 
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Figure 8.- Dynamic-pressure distribution in front of the carburetor 
and increment of metering pressure. A(A-B) =5.5 percent. 
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Figure 9.- Dynamic-pressure distribution in front of the carburetor and 
increment of metering pressure. A(A-B) = 8- percQiit. 



BACA 



Fig. 10 




Figure 10.- Dynamic-pressure distribution in front of the carburetor 
and increment of metering pressure. A(A-B) = 8 percent. 
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Figure 11.- Dynamic-pressure distribution in front of the carburetor 
and increment of metering pressure-. &(A~B) = 3 percent. 
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Figure 12.- Dynamic-pressure distribution in front of the carburetor and 
increment of metering pressure. A(A-B) =5.5 percent. 
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Figure 13.- Dynamic-pressure distribution in front of the carburetor 
and incromont of metering pressure. A(A-3) = 3.5 percent. 
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Figaro 14.- Dynamic- and static-pressure distributions and increment of 

motoring pressure with square elbow, 19 inches from 
carburetor. _(A-B) =10.5 percent. 
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Figure 15.- Dynamic- and static-pressure distributions and increment of 

metering pressure with square elbow, 12 inches from 
carburetor. A(A-B) = 10 percent; (A-b/a^ = 2.85. 
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Figure 16.- Dynamic- and static-pressure distributions and increment of 

metering pressure with, square elbow, 8 inches from 
carburetor. A(A-B) = 10 percent; (A-B)Mpy «= 2.97. 
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Figure 17.- Dynamic-and static-pressuro distributions and increment of 

metering pressure with square elbow, 19 inches from 
carburetor. A(A-B) = 10 percent; (A-B)/£py = 2.72. 
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Figure 18.- Dynamic- and static-pressure distributions and increment of 

metering pressure with square elbov/, 12 inches from 
carburetor. A(A-B) = 10 percent; (A-B)/Ap„ =2.85. 
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Figure IS.- Dynamic- and static-pressure distributions and increment of 

metering pressure with square elbow, 8 inches from 
carburetor. A(A-B) = 6.5 percent; (A-B/Ap v = 2.79. 
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Figaro 20.- Dynaraic- and static-pressure distributions and increment of 

metering pressure ritJa round eloov;, 15 inches from 
carburetor. A(A-B) = 3 percent; (A-B/a^. = 2.65. 
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Figure 21.- Dynamic- and static-pressure distributions and increment of 

metering pressure with round elbow, 8 inches from carburetor. 
A(A-B) = 1.5 percent; (A-B/Ap^ = 2.61. 
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Figure 22.- Dynamic- and static-pressure distributions and increment of 

metering pressure with, ro\uid elbow, 4 inches from carburetor. 
A(A-B) = 0 percent; (A-^i^ = 2.61. 
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Figure 23.- Pressure measurements in the throat of the main venturi. 
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Figure 24.- Carburetor metering characteristics with uniform pressure 
distribution ahead of carburetor, automatic rich; 

p = 0.00224. 
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Figure 25.- Carburetor metering characteristics with uniform pressure 
distribution ahead of carburetor, emergency rich; 

p = 0.00224. 
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Figure 26.- Variation of metering pressure with altitude with same 
dynamic pressure in duct. 



